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BACTERIAL MUTATIONS*
F. D'HERELLE
The early workers who engaged in the study of bacteria were
chiefly interested in the question of morphology and, as a result
of their investigations, they concluded that the shape of micro-
organisms was in a continual state of variation. This belief was,
doubtless, favored by the poor technical methods then available, and
it is very probable that accidental contaminations were frequently
mistaken for variations. This belief held until, with the develop-
ment of more precise technical methods, the studies of Pasteur and
of Koch became known. These led to the concept of the fixity of
morphology, and this, indeed, became a real dogma. Most bacteri-
ologists believed that any transformation which might be observed in
a culture could onlyresult from a contamination. Today, this belief
is no longer uniformly held, although even now there are many
who do not accept the fact that sudden and profound transformations
in a culture may occur. Such transformations may be either
temporary or permanent, and it is the latter type which will be
considered here.
For a long time it has been known that conditions which reduce
bacterial viability, such as the presence of antiseptics, or maintenance
at a high temperature, cause a culture of bacteria to undergo modi-
fications in morphology, but as soon as the unusual environmental
conditions are removed the initial morphology reappears. These
transformations are temporary and are due to processes and agencies
quite outside of present considerations.
In 1919, in two papers presented before the Societe de Biologie,
I described several transformations in the characteristics of bacteria
which had resisted the action of bacteriophage. The modifications
noted affected not only their morphology, but their cultural, fer-
mentative, and antigenic characters as well. These studies were
amplified in my first text on bacteriophage, published in 1921, and
since that time several bacteriologists have engaged in the study of
such bacterial behavior. Aside from the most interesting results
which have been obtained, such studies have led to a further
consideration of the cause, the stimulus of such profound changes.
If we disregard the phenomena of hybridization and of adapta-
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tion to surrounding conditions, phenomena which are outside of
our present subject, we may say that all transformations which occur
in living beings are referable to one of two phenomena. The first
of these is the phenomenon of metamorphosis. This is related to
the life-cycle, and occurs principally among the insects and in certain
protozoa. The second is the phenomenon of mutation, first observed
by de Vries as occurring among plants. This phenomenon has been
studied by many botanists, and early in this century Noel Bernard
showed that in most cases, at least, the original cause of the mutation
is a symbiosis between a plant and a parasite. When a host is
invaded by a parasite one of three results is inevitable: 1. The viru-
lence of the parasite dominates the resistance of the host, and the
host succumbs. 2. The resistance of the host overcomes the virulence
of the parasite, and the latter succumbs. 3. The resistance of the
host and the virulence.of the parasite balance. In this instance both
survive and form a symbiosis which persists as long as the conditions
remain unchanged. Under the stimulus of the symbiosis the two
beings react, and the results of these reactions are modifications of
their characters. Botanyoffers many examples of such sudden muta-
tions brought about through symbiosis, and even in man such modi-
fications occur, as exemplified by the changes in the skeleton observed
in congenital syphilis.
These two phenomena, the life-cycle and mutation, both leading
to sudden transformations, are, nevertheless, easy to differentiate,
and each presents its own characteristics. Thus, transformations
which result from mutation incited by a symbiosis occur in an appar-
ently disorderly fashion. Each character is modified as an inde-
pendent unit with no obvious relationship to the other characters.
Those transformations which represent phases of a life-cycle appear
in an orderly sequence, and all characters vary simultaneously.
From this it is obvious that when we observe a sudden transforma-
tion it is easy to determine whether this results from a mutation or
is the result of a life-cycle phenomenon. If the transformations are
orderly they are a part of the cyclogeny; if they occur in every
direction without coordination they are due to mutation.
In studies which I have made upon cholera it has been clear that
the cholera vibrio entering into symbiosis with bacteriophage under-
goes profound modifications. These arise without coordination, and
thus present all of the characteristics of mutations. Recently in this
laboratory we have undertaken a more complete study of another
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bacterium, Salmonella typhimurium, this particular bacterium being
selected because with it the virulence of the derived mutants for a
naturally susceptible animal, the mouse, can readily be determined.
Through the action of a race of bacteriophage isolated from sew-
age a complete lysis of a culture of the Salmonella took place, but
thisyielded,subsequently, asecondaryculture. Whenthissecondary
culture was spread over agar five types of colony were first obtained.
Successive re-isolations from these five colonies have permitted us to
isolate 23 different strains. During the first two or three re-isola-
tions there were many variants; in the later isolations the number
became less, and most of the variants became fixed and stable.
However, this fixity is not absolute for all, since from time to time
a new mutation appeared in certain of the less stable variants. The
characters of each variant were studied after 10 subcultures and
again after they had undergone 100 subcultures, and in every case
with each of the 23 variants these remained unchanged. It is
unnecessary to discuss in detail the attributes of all of these strains
since the essential features may be adequately presented by a dis-
cussion of the first eight variants. The following table offers a
resume of these characters.
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From the data incorporated in the table above, it is obvious
that the variations occur in every direction, and that each character
varies, but the variation in a given character is entirely unrelated to
that in another. For instance, with none of the variants did the
appearance of the colony on agar conform exactly to the original
Salmonella, but with three of them the change in appearance was
very profound. Colonies of variants II and III are mucoid, resem-
bling colonies of the Friedl'ander organism, while colonies of variant
V are viscous. Again, from the antigenic standpoint, differences in
behavior appear. Variants I, VI and VIII are agglutinable by a
specific Salmonella antiserum, while variants II, III, IV, V, and
VII are absolutely inagglutinable. Variant I adsorbs the agglutin-
ins acting on Salmonella, variant III does not.
With regard to the matter of virulence it is seen that, for the
mouse, variant VIII is hypervirulent; variant VI is virulent,
although less so than the original Salmonella, variants II and IV
have approximately one-tenth the virulence of the original strain,
while variants I, III, IV, and VII are absolutely devoid of virulence,
regardless of dosage or mode of infection.
The fermentative power for the different sugars is normal, that
is, the same as with the original Salmonella, for variants II, IV, V,
VI, VII, and VIII, and it is abnormal for I and III.
These results suffice to show that the variations occur in a dis-
orderly fashion, that each individual character varies independently
and that, consequently, the phenomenon presents all of the charac-
ters of a mutation induced by symbiosis. This conclusion can,
indeed, be confirmed by an experiment which shows that all of the
variations are actually the result of a symbiosis of the bacterium with
bacteriophage. Study of these cultures has shown that it is possible
to interrupt the symbiosis, that is, to eliminate bacteriophage from
the mutants. This can be done by means of serial cultures in a
liquid medium containing that quantity of sodium hydroxide which
will just permit growth. By means of such treatment bacteriophage
has been eliminated from seven of the eight mutants, the exception
beingvariant V. Before the treatment a drop of filtrate of a culture
of one of these mutants was sufficient to cause the lysis of a culture
of the original Salmonella. After purification with sodium hydrox-
ide, many experiments have shown that, with the exception of
mutant V, bacteriophage was no longer present. Prior to the treat-
ment all mutants were resistant to bacteriophage. After treatment
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they regained their sensitiveness (V being an exception). Previous
to treatment variants II, III, IV, and VII were not agglutinable by
a specific anti-Salmonella serum. Afterward they immediately
became agglutinable, and to the same titer as was the original strain
(variant V which had not been freed of bacteriophage remained inag-
glutinable). These experiments afford the proof that a symbiosis
of the Salmonella with bacteriophage was the cause of the mutation.
A second proof of this statement may be offered. As has been
stated above, once the mutations become fixed their characters do
not vary. They become permanent, even through a long series of
generations. With mutant VIII, one absolutely resistant to bac-
teriophage, it was impossible to prove the presence of bacteriophage
acting upon the original Salmonella, and yet, despite this fact, it
was a symbiosis, and filtrates were active upon cultures derived from
colonies of this same mutant. The conclusion is that the bacterio-
phage had undergone a strict adaptation to this mutant, and similar
instances of such behavior have been observed by Sertic.
Another race of bacteriophage, likewise obtained from sewage,
was highly active not only upon mutant VIII, but upon all of the
other mutations and upon the original Salmonella. It has been
impossible to derive secondary cultures from mutants IV, V, and
VII, for the lysed cultures of these mutants have remained clear,
even after incubation at 390 C. for eight days, but with the other
mutants secondary cultures have been obtained, and by isolation
upon agar, new mutants have been derived. Variant I has given
two new mutants; variant II has given one, III six, and VIII has
yielded four. This indicates that a new symbiosis had become super-
imposed on the first one and each of these mutants contained, after
exposure to the new bacteriophage, two races of bacteriophage (as
has been proved) leading, as a consequence, to new transformations.
All of these experiments show that such transformations are a
result of the formation of a symbiosis between a bacterium and a
bacteriophage, and that they are not a part of a life-cycle. They
present all of the characteristics of mutations and, indeed, these
transformations which occur among bacteria are but particular
instances of a general phenomenon which has been studied by bota-
nists throughout the past 30 years, namely, that of mutations induced
through symbiotic relationships.
Whilethe experiments here reported were test-tube experiments,
it should be added that the phenomenon of mutation is not restricted
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to the experimental environment. It occurs under natural condi-
tions, as in the intestinal tract of carriers, where the pathogenic bac-
terium and bacteriophage are always present. In a paper entitled
"Studies on Asiatic Cholera", I have shown that it is possible to iso-
late from the stools of cholera carriers all of the mutations which
may be induced under experimental conditions in the test-tube.
With Salmonella typhi'murium an investigation of this phase of the
subject is more difficult, because the recovery of infected mice, and
consequently the development of carriers, is infrequent, and we have
observed that when mice are infected with virulent mutants (II, V,
VI, or VIII) in no case has a regression to the Salmonella type
recurred. In the majority of experiments, the characteristics of
the bacterium isolated from the heart blood at the time of death are
identical with the characteristics of the mutant which had Seen
administered,butinsomeoftheexperimentsnewmutationsappeared.
These observations, and the deductions which may logically be
derived from them, raise certain questions of the greatest importance
to bacteriology. Let us suppose that from the blood of a mouse
dying from a natural disease a bacterium presenting the characters
of mutant II is isolated. How is one to identify this as a variant of
Salmonella typhimarium? This organism grows with all of the
outward aspects of a FriedlPander culture and it is inagglutinable
when exposed to a Salmonella antiserum. Such a supposition is by
no means visionary, and it is highly probable that many bacteria,:
both pathogenic and non-pathogenic, which have been described as
"species" are but mutants, and that the number of real bacterial
species is much smaller than is usually assumed.
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